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(54) Lipoteichoic acid from lactic acid bacteria and its use to modulate immune responses 
mediated by gram-negative bacteria, potential pathogenic gram-positive bacteria 



(57) The invention relates to a composition for mod- 
ulating the immune responses induced by Gram nega- 
tive bacteria, potential pathogenic Gram positive bacte- 
ria and/or their derivatives, comprising lipoteichoic acid 
from lactic acid bacteria as an active ingredient. It also 
relates to the use of a lipoteichoic acid from lactic acid 
bacteria as an active ingredient and/or lactic acid bac- 
teria producing it and/or its supernatant of culture, in the 
manufacture of a medicament, an oral or topical product 



for cosmetic, dermatological or ophthalmologic^ appli- 
cations, a food or petfood composition for modulating 
bacterial colonisation, immune responses and decreas- 
ing the inflammatory processes associated with bacte- 
rially-mediated disease and infection in the gastrointes- 
tinal tract, bone, skin, eye, ear, lung and oral cavity. The 
invention also relates to lipoteichoic acid selected there- 
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Description 

Field of the invention 

[0001] The present invention relates to a composition 
containing lipoteichoic acid from lactic acid bacteria for 
modulating the immune responses induced by Gram 
negative bacteria, potential pathogenic Gram positive 
bacteria and/or their derivatives. It also relates to the 
use of a lipoteichoic acid from lactic acid bacteria as an 
active ingredient in the manufacture of a medicament, 
an oral or topical product for cosmetic, dermatological 
or ophthalmological applications, afood orpetfood com- 
position for modulating bacterial colonisation, immune 
responses and decreasing the inflammatory processes 
associated with bacterially-mediated disease and infec- 
tion in the gastrointestinal tract, bone, skin, eye, ear, 
lung and oral cavity. The invention also relates to lipotei- 
choic acid selected thereof. 

Background of the invention 

[0002] At parturition, there is colonisation of the pre- 
viously sterile foetal intestine by a vast microbial inocu- 
lum. The establishment of the intestinal microflora is a 
very dynamic process during the first days of life before 
stable populations are established in defined regions of 
the gastrointestinal tract. There is sequential colonisa- 
tion by first E. coli and Streptococci species (Mata,LJ. 
and J.J.Urrutia. 1971. Ann N YAcadSc1 176:93-108) 
and then a bifidogenic microflora, which is highly domi- 
nant in breast-fed babies and offers some protection 
against potential pathogens (Gibson, G.R. and X.Wang. 
1994. J Appl Bacterid. 77:412-420). 
[0003] Lactic acid bacteria (LAB) such as lactobacilli 
and bifidobacteria are normal inhabitants of the human 
adult gastrointestinal tract. Selected strains from these 
genus, termed probiotics, have health benefits when ad- 
ministered orally to the host (Brassart.D. and E.J.Schif- 
frin. 1997. Trends Food Sci Technol 9:321-326). Like 
commensal LAB, probiotics antagonise pathogenic or- 
ganisms and stimulate immune defence mechanisms. 
Although, little is known about the precise mechanisms 
which underlie these biological effects, it is widely ac- 
cepted that strains which most likely exert health bene- 
fits are those which can transiently adhere to the intes- 
tinal epithelium, perhaps through the lipoteichoic acid 
(LTA) in their cell wall. 

[0004] LTA is a complex glycero-phosphate polymer 
linked to a hydrophobic lipid moiety (Fischer, W. 1990. 
Bacterial phophoglycolipids and lipoteichoic acids. In 
Glycolipids, phosphoglycolipidsandsulfoglycolipids, M. 
Kates, editor. Hanahan.D.J., New York and London. 
123-234). It is a component of the cell wall of most 
Gram-positive bacteria and although there is great di- 
versity in the LTAfrom different bacteria, it has structural 
similarities to LPS found in the cell wall of Gram-nega- 
tive organisms. 



[0005] While LPS from Gram-negative organisms are 
renowned for their proinflammatory effects on immune 
cells, less work has been done using LTA from Gram- 
positive organisms. It appears nevertheless that only 

5 LTA from specific species of bacteria mediate such ef- 
fects (Suda,Y.,etal. 1995. Cytokine-inducing glycolipids 
in the lipoteichoic acid fraction from Enterococcus hirae 
ATCC 9790. FEMS Immunol Med Microbiol 1 2:97-1 1 2 ; 
Standiford.T.J., et al. 1994. Lipoteichoic acid induces 

io secretion of interleukin-B from human blood monocytes: 
a cellular and molecular analysis. Infect Immun 62: 
119-125; Arakaki.R., et al. 1998. A lipoteichoic acid 
fraction of Enterococcus hirae activates cultured human 
monocytic cells via a CD 14-independent pathway to 

'5 promote cytokine production, and the activity is inhibited 
by serum components. FEMS Immunol Med Microbiol 
22:283-291 ; Wang.J.E., et al. 2000. Peptidoglycan and 
lipoteichoic acid from Staphylococcus aureus induce tu- 
mour necrosis factor-alpha, interleukin 6 (IL-6), and IL- 

20 1 o production in both T cells and monocytes in a human 
whole blood model. Infect Immun 6B:3965-3970). 
[0006] Although LTAs from Gram-positive bacteria 
show great diversity from one bacterial strain to another, 
there is some structural similarity to the LPS present in 

25 the cell wall of Gram-negative organisms. Pattern Rec- 
ognition Receptors (PRR) recognise conserved regions 
of bacterial structures and signal to the host the pres- 
ence of a bacterial inoculum. CD14, a glycosylphos- 
phatidyl-inositol (GPI)-anchored glycoprotein present 

30 on myeloid cells, is one such receptor. It is now known 
that it can bind both LTA and LPS. Indeed, the sepsis 
caused by Gram-negative organisms is through LPS 
binding to CD14 on the membrane of monocytes-mac- 
rophages. There is increasing evidence that a soluble 

35 form of the CD14 receptor mediates binding of LPS to 
CD14-negative cells. However, this molecule also rec- 
ognises other bacterial components, such as peptidog- 
lycan, lipoarabinomannan and manuronic acid poly- 
mers (Dziarski.R., et al., 2000. Chem Immunol. 74: 

40 83-1 07). We have reported that a soluble form of CD1 4 
(sCD14) present in human breast milk stimulates hu- 
man intestinal epithelial cells (I ECs) to release cytokines 
after challenge with non-pathogenic E. coli or its LPS 
(Labeta.M.O., et al. 2000. J Exp Med 191:1807-1812) 

« but not after challenge with live Gram-positive bacteria 
or their cell wall components. 
[0007] The present invention aims to provide a com- 
position able to modulate the immune responses in- 
volved during bacterial colonisation or infection and pre- 

so vent or reduce any inflammatory response induced 
thereby, in the gastrointestinal tract, bone, skin, eye, 
lung ,ear and oral cavity in humans or animals. 

Summary of the invention 

55 

[0008] Accordingly, in a first aspect, the invention pro- 
vides a composition containing lipoteichoic acid from 
lactic acid bacteria as an active ingredient for modulat- 



3 



EP 1 260 227 A1 



4 



ing the immune responses induced by Gram negative 
bacteria, potential pathogenic Gram positive bacteria 
and/or their derivatives. 

[0009] This composition containing lipoteichoic acid 
from lactic acid bacteria can maintain immune homeos- 
tasis, prevent or decrease inflammatory processes in- 
duced by Gram negative bacteria and/or for LPS-medi- 
ated disorders. It may also be use against pathogenic 
or potential pathogenic Gram positive bacteria and/or 
LTA-mediated disorders. 

[0010] In fact, it has been found that there is an an- 
tagonistic effect of LTA from lactic acid bacteria strains, 
such as Lactobacillus johnsonii strain La1 and Lactoba- 
cillus acidophilus strain La10, for example, on the re- 
sponsiveness of lECs challenged with LPS purified from 
E. coli and Salmonella enteridis or with whole E. coli 
bacteria. Also, when LTA from either of the Lactobacilli 
strains was given at the same time as LPS in the pres- 
ence of human milk, the LPS-sCD14-mediated produc- 
tion of IL-8 was inhibited. 

[0011] The said composition can be a medicament, 
an oral or topical cosmetic, dermato logical or ophthal- 
molgical product, a food or a pet food composition. It 
has effects on inflammatory process associated with 
bacterially-mediated disease or LPS-mediated disor- 
ders in the gastrointestinal tract, bone, skin, eye, lung, 
ear and oral cavity and can be used to modulate bacte- 
rial colonisation in the aforesaid tissues and the immune 
responses. 

[0012] In another aspect the invention provides 
lipoteichoic acid from lactic acid bacteria that have been 
selected for their ability to bind to CD14 and for their 
inability to induce the release of proinflammatory cy- 
tokines such as IL-8 orTNF-a from lECs. 
[0013] Given orally, lipoteichoic ac d according to the 
invention can be used to maintain immune homeostasis, 
modulate bacterial colonisation, or target bacterially- 
mediated disease and infection or LTA/LPS-mediated 
disease not only in the gastrointestinal tract but also in 
bone, the skin, eye, ear, lung and the oral cavity. 
[0014] Accordingly, in a further aspect the invention 
provides the use of at least one lipoteichoic acid from 
lactic acid bacteria for the preparation of a composition 
intended for modulating the immune responses induced 
by Gram negative bacteria and/or their derivatives. The 
lipoteichoic acid may be used in the manufacture of a 
medicament, a topical product such as a cream or a lo- 
tion, a food or pet food composition for decreasing in- 
flammatory process associated with bacterially-mediat- 
ed disease or LTA/LPS-mediated disorders in humans 
or animals. 

[0015] In another aspect the invention provides a 
method of modulating the aforementioned responses in 
humans or animals, which comprises administering an 
effective amount of lipoteichoic acid from lactic acid bac- 
teria or a composition containing it. 
[0016] In a further aspect, the invention provides a 
method of modulating an immune response induced in 



a pet animal by Gram negative bacteria, potential path- 
ogenic Gram positive bacteria and/or their derivatives, 
the method including administering a pet animal a com- 
position containing a moiety of a probiotic bacterial 
5 strain capable of modulating such response. 

[0017] It may include administering a pet animal a 
composition containing a probiotic micro-organism , its 
culture supernatant or a metabolite thereof, the said pro- 
biotic being capable of at least transiently adhering to 
io the intestinal epithelium of the pet animal. 

[0018] In an embodiment, the method includes ad- 
ministering the composition as a component of a nutri- 
tionally balanced meal. In a preferred embodiment, the 
component is included in a wet or dry pet food formula- 
's tion. 

[0019] In a last aspect, the invention relates to a pet 
food formulation comprising a nutritionally balanced 
meal and an active ingredient selected for its capacity 
to modulate an immune response induced in a pet ani- 
20 mal by a Gram negative bacterial strain, potential path- 
ogenic Gram positive bacterial strain and /or a derivative 
thereof. 

[0020] In an embodiment, the active ingredient com- 
prises a micro-organism having LTA. The LTA is preter- 
ms ably present in a cell wall of the said micro-organism. 
The micro-organism is preferably a probiotic capable of 
transiently adhering to the intestinal epithelium of a pet 
ingesting it. In a preferred embodiment, the microorgan- 
ism is a lactic acid bacterium. 
30 [0021] An advantage of the present invention is that 
it provides a means of regulating immune responses to 
Gram-negative organisms, pathogenic or potential 
pathogenic Gram-positive organisms or of their deri- 
vates LPS or LTA, in particular a means of decreasing 
35 inflammatory processes such as the production of proin- 
flammatory cytokines such as IL-8, TNF-a and epithelial 
cell-derived neutrophil-activating protein (ENA)-78 by 
lECs. 

[0022] Another advantage of the present invention is 
40 that it provides a means to down-regulate the inflamma- 
tory response of macrophages by, for example, de- 
creasing the release of proinflammatory cytokines such 
as IL-8 and TNF-a. 

[0023] Yet another advantage of the present invention 
45 is that by simple consumption of a food composition ac- 
cording to the present invention, the protective immune 
process in a mammal may be improved and the risk of 
deleterious inflammation and infection reduced. It will be 
appreciated that intravenous or subcutaneous adminis- 
so tration of a drug requires expertise, and compared to 
oral administration it is not as safe, convenient or ac- 
ceptable to the patient. In the light of these concerns, 
the invention provides the clear advantage of a nutrition- 
al and/or a therapeutic product which may be adminis- 
55 tered orally. 

[0024] Furthermore, the present invention uses LTA 
from food-grade bacterial species and as such have 
GRAS (Generally Regarded As Safe) status and pro- 
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vides some of the benefits attributed to probiotic organ- 
isms. As such, the present invention can be used in ster- 
ile medicaments, enteral or topical compositions for clin- 
cial disorders and infections in which the use of living 
probiotic organisms is not possible. 

Detained description 

[0025] Within the following description, the following 
abbreviations have been used: ENA-78, epithelial cell- 
derived neutrophil-activating protein-78; HM, human 
milk; lECs, intestinal epithelial cells; IL, interleukin; LPS, 
lipopolysaccharide; LTA, lipoteichoic acid; mAb, mono- 
clonal antibody; PBMC, peripheral blood mononuclear 
cells; PRR, pattern recognition receptors; TNF, tumour 
necrosis factor. 

[0026] Finally, "NCC" designates Nestle Culture Col- 
lection (Nestle Research Centre, Vers-chez-les-Blanc, 
Lausanne, Switzerland). 

[0027] According to a first aspect, a composition con- 
taining lipoteichoic acid from lactic acid bacteria for 
modulating immune responses, in particular inflamma- 
tory processes induced by Gram-negative bacteria, po- 
tential pathogenic Gram-positive bacteria and/or their 
derivatives, is concerned. 

[0028] Such inflammatory processes may be induced 
by Gram-negative bacteria and/or its LPS of Gram neg- 
ative bacteria, such as Escherichia ssp., Helicobacter 
spp, Samonella spp, for example ; they may also be in- 
duced by pathogenic or potential pathogenic Gram-pos- 
itive bacteria, i.e. bacteria that may become pathogenic 
in certain conditions. 

[0029] Preferably, the lipoteichoic acid from lactic acid 
bacteria has been selected for its ability to bind to CD1 4 
and for its inability to induce the release of proinflamma- 
tory cytokines such as IL-8 or TNF-a from lECs. The 
lipoteichoic acid should contain its lipid moeity. 
[0030] Preferably, lipoteichoic acid is isolated from 
bacteria belonging to the genus Lactobacillus, Bifido- 
bacterium or Streptococcus such as the species Lacto- 
bacillus acidophilus, Lactobacillus gasseri, Lactobacil- 
lus johnsonii, Lactobacillus helveticus, Lactobacillus ca- 
sei, Lactobacillus plantarum, Bifidobacterium bifidum, 
Bifidobacterium longum, Bifidobacterium infanlis, Bifi- 
dobacterium animalis, Streptococcus thermophilus, for 
example; and most preferably Lactobacillus johnsonii 
strain La1 (NCC 533), Lactobacillus acidophilus strain 
La10 (NCC90), and Lactobacillus gasseri (NCC2493). 
[0031] The strains Lactobacillus johnsonii NCC 533, 
Lactobacillus acidophilus NCC 90 have been deposited 
by way of example at the Institut Pasteur, 28 rue du Doc- 
teur Roux, F-75024 Paris cedex 15, FRANCE, on 
30.06.92 and 12.10.99 respectively, under the deposit 
numbers CNCM l-1225andCNCM I-2332, respectively. 
[0032] In a most preferred embodiment, LTA from lac- 
tic acid bacteria may be used in combination with mol- 
ecules such as sCD14. 

[0033] Lipoteichoic acid and/or lactic acid bacteria 



producing it and/or its supernatant of culture may be in- 
corporated into dry or liquid food compositions or enteral 
feeds, for infant nutrition, pet nutrition and animal feeds, 
for clinical nutrition or for pharmaceutical applications. 
s [0034] It can also be used for cosmetic or dermato- 
logical applications in the form of topical (creams and 
ointments) or oral preparations, ophthalmic applications 
(eyes washes), or oral applications (mouth washes, 
tooth pastes). LTA could be used to prevent ear infec- 
io tions. Furthermore, LTA in products can be used to pre- 
vent LPS-mediated bone disorders. 
[0035] Accordingly, the said composition can be a 
medicament, an oral ortopical cosmetic, dermatological 
or ophthalmological preparation, a food or a pet food 
is composition. 

[0036] The amount of lipoteichoic acid to be used may 
vary but will correspond to levels of bacteria in a food 
composition which may vary from 1 0 5 cfu/gto about 1 0 11 
cfu/g, most preferably from approximately 10 7 cfu/g to 
20 I0 9 cfu/g. Inthecaseof pharmaceutical preparation, the 
amount of LTA may vary and correspond to an amount 
of bacteria which varies from 1 0 5 cfu/g to 1 0 16 cfu/g, pref- 
erably from approximately 1 0 7 cfu/g to 1 0 10 cfu/g. 
[0037] It has effects on inflammatory process associ- 
25 ated with bacterially-mediated disease or LTA / LPS-me- 
diated disorders in the gastrointestinal tract, bone, skin, 
eye, ear, lung and oral cavity. 
[0038] More specifically, these products could modify 
bacterial colonisation and infection during the neonatal 
30 period, and thereby the immune competence of the in- 
fant, and in clinical nutrition, be used to treat sepsis, bac- 
terial translocation, inflammation, infection and disease, 
and bacterial overgrowth. 

[0039] In a prefered embodiment, the composition 
35 may be a complete and nutritionally balanced food or 
pet food. It can also be a dietary supplement, for exam- 
ple. 

[0040] If a food composition for human consumption 
is prepared, it may be a nutritionally complete formula, 
40 a dairy product, a chilled or shelf stable beverage, a 
soup, a dietary supplement, a meal replacement, a nu- 
tritional bar or a confectionery. 
[0041] Apart from the lipoteichoic acid and/or lactic 
acid bacteria producing it and/or its supernatant of cul- 
45 ture, according to the invention, the nutritional formula 
may comprise a source of protein. Dietary proteins are 
preferably used as a source of protein. The dietary pro- 
teins may be any suitable dietary protein; for example 
animal proteins (such as milk proteins, meat proteins 
50 and egg proteins); vegetable proteins (such as soy pro- 
tein, wheat protein, rice protein, and pea protein); mix- 
tures of free amino acids; or combinations thereof. Milk 
proteins such as casein, whey proteins and soy proteins 
are particularly preferred. The composition may also 
55 contain a source of carbohydrates and a source of fat. 
[0042] If the nutritional formula includes a fat source, 
the fat source preferably provides about 5% to about 
55% of the energy of the nutritional formula; for example 



25 
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about 20% to about 50% of the energy. The lipids mak- 
ing up the fat source may be any suitable fat or fat mix- 
tures. Vegetable fats are particularly suitable; for exam- 
ple soy oil, palm oil, coconut oil, safflower oil, sunflower 
oil, corn oil, canola oil, lecithins, and the like. Animal fats 
such as milk fats may also be added if desired. 
[0043] A source of carbohydrate may be added to the 
nutritional formula. It preferably provides about 40% to 
about 80% of the energy of the nutritional composition. 
Any suitable carbohydrates may be used, for example 
sucrose, lactose, glucose, fructose, corn syrup solids, 
and maltodextrins, and mixtures thereof. Dietary fibre 
may also be added if desired. If used, it preferably com- 
prises up to about 5% of the energy of the nutritional 
formula. The dietary fibre may be from any suitable or- 
igin, including for example soy, pea, oat, pectin, guar 
gum, gum arabic, and fructooligosaccharides. Suitable 
vitamins and minerals may be included in the nutritional 
formula in an amount to meet the appropriate guide- 
lines. 

[0044] One or more food grade emulsif iers may be in- 
corporated into the nutritional formula if desired; for ex- 
ample diacetyl tartaric acid esters of mono- and di-glyc- 
erides, lecithin and mono- and di-glycerides. Similarly 
suitable salts and stabilisers may be included. 
[0045] The nutritional formula is preferably enterally 
administrable; for example in the form of a powder, tab- 
let, capsule, a liquid concentrate, solid product or a 
ready-to-drink beverage. If it is desired to produce a 
powdered nutritional formula, the homogenised mixture 
is transferred to a suitable drying apparatus such as a 
spray drier or freeze drier and converted to powder. 
[0046] In another embodiment, a usual food product 
may be enriched with at least one lipoteichoicfrom lactic 
acid bacteria according to the present invention. For ex- 
ample, a fermented milk, a yoghurt, a fresh cheese, a 
renneted milk, article of confectionery, for example a 
sweet or sweetened beverage, a confectionery bar, 
breakfast cereal flakes or bars, drinks, milk powders, 
soy-based products, non-milk fermented products or 
nutritional supplements for clinical nutrition. 
[0047] In another embodiment a nutritionally com- 
plete pet food can be prepared. The nutritionally com- 
plete pet food may be in any suitable form; for example 
in dried form, semi-moist form or wet form; it may be a 
chilled or shelf stable pet food product. These pet foods 
may be produced as is conventional. Apart from the 
lipoteichoic acid according to the invention, these pet 
foods may include any one or more of a carbohydrate 
source, a protein source and lipid source. 
[0048] Any suitable carbohydrate source may be 
used. Preferably the carbohydrate source is provided in 
the form of grains, flours and starches. For example, the 
carbohydrate source may be rice, barley, sorghum, mil- 
let, oat, corn meal or wheat flour. Simple sugars such 
as sucrose, glucose and corn syrups may also be used. 
The amount of carbohydrate provided by the carbohy- 
drate source may be selected as desired. For example, 



the pet food may contain up to about 60% by weight of 
carbohydrate. 

[0049] Suitable protein sources may be selected from 
any suitable animal or vegetable protein source; for ex- 

5 ample muscular or skeletal meat, meat and bone meal, 
poultry meal, fish meal, milk proteins, corn gluten, wheat 
gluten, soy flour, soy protein concentrates, soy protein 
isolates, egg proteins, whey, casein, gluten, and the like. 
The amount of protein provided by the protein source 

10 may be selected as desired. For example, the pet food 
may contain about 1 2% to about 70% by weight of pro- 
tein on a dry basis. 

[0050] The pet food may contain a fat source. Any 
suitable fat source may be used both animal fats and 

15 vegetable fats. Preferably the fat source is an animal fat 
source such as tallow. Vegetable oils such as corn oil, 
sunflower oil, safflower oil, rape seed oil, soy bean oil, 
olive oil and other oils rich in monounsatu rated and pol- 
yunsaturated fatty acids, may also be used. In addition 

20 to essential fatty acids (linoleic and alphalinoleic acid), 
the fat source may include long chain fatty acids. The 
amount of fat provided by the fat source may be selected 
as desired. For example, the petfood may contain about 
5% to about 40% by weight of fat on a dry basis. Pref- 

25 erably, the pet food has a relatively reduced amount of 
fat. 

[0051] The pet food may contain other active agents 
such as long chain fatty acids. Suitable long chain fatty 
acids include alpha-linoleic acid, gamma linoleic acid, 

30 linoleic acid, eicosapentanoic acid, and docosahexano- 
ic acid. Fish oils are a suitable source of eicosapenta- 
noic acids and docosahexanoic acid. Borage oil, black- 
current seed oil and evening primrose oil are suitable 
sources of gamma linoleic acid. Safflower oils, sunflow- 

35 er oils, corn oils and soybean oils are suitable sources 
of linoleic acid. 

[0052] The choice of the carbohydrate, protein and li- 
pid sources is not critical and will be selected based up- 
on nutritional needs of the animal, payability consider- 

40 ations, and the type of product produced. Further, vari- 
ous other ingredients, for example, sugar, salt, spices, 
seasonings, vitamins, minerals, flavoring agents, gums, 
prebiotics and probiotic micro-organisms may also be 
incorporated into the petfood as desired. 

45 [0053] Accordingly, the probiotic microorganism may 
be selected from one or more microorganisms suitable 
for animal consumption and which is able to improve the 
microbial balance in the intestine. The probiotic micro- 
organisms may be in powdered, dried form; especially 

50 in spore form for micro-organisms which form spores. 
Further, if desired, the probiotic micro-organism may be 
encapsulated to further increase the probability of sur- 
vival; for example in a sugar matrix, fat matrix or 
polysaccharide matrix. If a probiotic micro-organism is 

55 used, the pet food preferably contains about 10 4 to 
about 10 10 cells of the probiotic micro-organism per 
gram of the pet food; more preferably about 1 0 s to about 
1 0 8 cells of the probiotic micro-organism per gram. The 
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pet food may contain about 0.5% to about 20% by 
weight of the mixture of the probiotic micro-organism; 
preferably about 1 % to about 6% by weight; for example 
about 3% to about 6% by weight. 

[0054] If used, the amount of prebiotic in the pet food s 
is preferably less than about 20% by weight; especially 
about 10% by weight. For example, the prebiotic may 
comprise about 0.1% to about 5% by weight of the pet 
food. For pet foods which use chicory as the prebiotic, 
the chicory may be included to comprise about 0.5% to i» 
about 1 0% by weight of the feed mixture; more prefer- 
ably about 1% to about 5% by weight. 
[0055] For dried pet foods a suitable process is extru- 
sion cooking, although baking and other suitable proc- 
esses may be used. When extrusion cooked, the dried '5 
pet food is usually provided in the form of a kibble. If a 
prebiotic is used, the prebiotic may be admixed with the 
other ingredients of the dried pet food prior to process- 
ing. A suitable process is described in European patent 
application No 0850569;. If a probiotic micro-organism so 
is used, the organism is best coated onto or filled into 
the dried pet food. A suitable process is described in 
European patent application No 0862863. 
[0056] For wet pet foods, the processes described in 
US patents 4,781,939 and 5,132,137 may be used to 25 
produce simulated meat products. Other procedures for 
producing chunk type products may also be used; for 
example cooking in a steam oven. Alternatively, loaf 
type products may be produced by emulsifying a suita- 
ble meat material to produce a meat emulsion, adding 30 
a suitable gelling agent, and heating the meat emulsion 
prior to filling into cans or other containers. 
[0057] The following examples are given by way of il- 
lustration only and in no way should be construed as 
limiting the subject matter of the present application. 35 
Percentages and parts are by weight unless otherwise 
indicated. The examples are preceeded by a brief de- 
scription of the figures. 

Figure 1 . Effect of LTA from L. johnsonii strain La1 *o 
and L. acidophilus strain La10 on the release of IL- 
8 by HT29 cells challenged with LPS purified from 
E. coli. IL-8 production was measured by ELISA in 
supernatants of HT29 cells incubated for 24 hours 
in medium supplemented with 2% human milk (HM) 4 $ 
in the presence of E. Coli LPS at 1 0 ng/ml (•) or 1 00 
ng/ml (■) and varying amounts of LTA from La1 (A) 
or La10 (B). Activation of HT29 cells by LPS-HM 
alone is depicted as dashed lines. Error bars indi- 
cate SD. The results are representative of three in- so 
dependent experiments. 

Figure 2. Effect of LTA from lactobacilli La1 on the 
release of IL-8 by HT29 cells challenged with either 
LPS from Sal. enteridis or whole E. coli bacteria. IL- ss 
8 production was measured by ELISA in superna- 
tants of HT29 cells incubated for 24 hours in medi- 
um supplemented with 2% human milk (HM) and 



either Salmonella enteridis LPS (A) at 1 0 ng/ml (•) 
or 100 ng/ml (■), or 2.5 x 10 5 /ml whole E. colibac- 
teria (B) in the presence of varying amounts of LTA 
from Lai. Activation of HT29 cells in the absence of 
LTA is depicted as dashed lines. Error bars indicate 
SD. 

Figure 3. Effect of LTA from the lactobacilli La1 and 
La10 on the release of TNF-ct by HT29 cells chal- 
lenged with E. coli LPS. TNF-a production was 
measured by ELISA in supernatants of HT29 cells 
incubated for 24 hours in medium supplemented 
with 2% human milk (HM) in the presence E.Coli 
LPS at 1 00 ng/ml and varying amounts of LTA from 
La1 (■) or La10 (•). Activation of HT29 cells in the 
absence of LTA is depicted as a dashed line. Error 
bars indicate SD. 

Figure 4. Effect of LTA from the lactobacillus La1 
on the LPS induction of ENA-78 mRNA expression 
in HT29 cells. ENA-78 expression was assessed by 
RT-PCR on total RNA of HT29 cells challenged with 
1 00 ng/ml £. Co/;'LPS in the absence (lane 1 ) orthe 
presence of 2% human milk (lanes 2 to 6), and the 
addition of MY4 anti-CD14 mAb (lane 3); isotype- 
matched antibody control (lane 4); or LTA from La1 
at 1 (ig/ml (lane 5) or 50 u.g/ml (lane 6). The expect- 
ed PCR product size for ENA-78 transcripts was 
220 bp. For internal standard, amplified bands for 
p-actin (460 bp) were used as the house-keeping 
gene. SM, size marker. 

Figure 5. Effect of LTA from the lactobacilli Lai and 
La10 on the release of IL-8 by differenciated HT29 
cells challenged with E. coli LPS. IL-8 production 
was measured by ELISA in supernatants of differ- 
enciated HT29 cells incubated for 24 hours in me- 
dium supplemented with 2% human milk (HM) in the 
presence of E. Coli LPS 100 ng/ml and indicated 
amounts of LTA from Lactobacillus La1 (■) or La1 0 
(•). Activation of differenciated HT29 cells in the ab- 
sence of added LTA is depicted as dotted lines. 

Figure 6. Effect of LTA from the lactobacillus La1 
on the activation of human PBMC. (A) Freshly iso- 
lated human PBMC (2 x 10 5 cells /well) were incu- 
bated in RPM I supplemented with 1 % human serum 
in the presence of varying amounts of either E. coli 
LPS (q or LTA from La1 (•). (B) and (C) PBMC were 
incubated for 30 min at 37°C in the absence 
(dashed lines) orthe presence (solid lines) of vary- 
ing amounts of LTA from La1 before the addition of 
E.Coli LPS (1 ng/ml). After 24 hours incubation, the 
culture supernatants were collected and analysed 
for the presence of IL-8 (A) and (B), or TNF-a (C) 
by specific ELISA. Error bars indicate SD. 

Figure 7. Effect of deacylation of the LTAs on their 
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antagonistic activity. HT29 cells were challenged 
with E. co//'LPS (100 ng/ml) in medium supplement- 
ed with 2% human milk (HM) in the absence 
(dashed lines) or the presence (solid lines) of vary- 
ing amounts of native LTA (■) or deacylated LTA (•) 
purified from either La1 (A) or La10 (B). After 24 
hours, the release of IL-8 in the culture superna- 
tants was measured by ELISA. 

Figure 8. Effect of pre-incubation of the cells with 
either LTA and sCD14 or LTA and LPS on the an- 
tagonism. (A) HT29 cells were pre-incubated for 4 
hours with La1 LTA (50 and 1 00 ng/ml) in the pres- 
ence of 2% human milk (HM), washed twice with a 
serum-free media and then challenged for 20 hours 
with E. coli LPS (1 00 ng/ml) in the absence or the 
presence of HM. (B) HT29 cells were incubated with 
La1 LTA (1 , 1 0 and 50 u.g/ml) in the presence of hu- 
man milk (HM) for 4 hours before the addition of E. 
coli LPS (1 00 ng/ml). (C) HT29 cells were incubated 
with La1 LTA (1,10 and 50 u.g/ml) in the presence 
of E. coli LPS (100 ng/ml) for 4 hours before the 
addition of 2% human milk (HM). (D) HT29 cells 
were challenged with E. coli LPS (100 ng/ml) in the 
presence of 2% human milk (HM) for 4 hours before 
the addition of La1 LTA (1,10 and 50 u.g/ml). IL-8 
release in the supernatants after a total of 24 hours 
culture was measured by ELISA. Error bars indicate 
SD. 

Example 1 : Lipoteichoic acid from Lactobacillus 
Johnsonii strain NCC 533 and Lactobacillus 
acidophilus strain NCC 90, antagonise the 
responsiveness of human intestinal epithelial cells 
to LPS or Gram-negative bacteria. 

Materials and methods 

Cells, media and reagents. 

[0058] The human colonic adenocarcinoma cell line 
HT29 was obtained from American Type Culture Collec- 
tion (ATCC, Manassas, VA. ATCC: HTB-38). Undiffer- 
entiated cells were maintained in glucose-containing 
DMEM supplemented with 10% foetal calf sera (FCS; 
Amimed BioConcept, Allschwill, Switzerland) at 37°C in 
a 5% CO^air incubator, while differentiated cells were 
grown in glucosefree medium. Culture medium was 
changed every 2 days until the cell monolayers reached 
90% confluency. Human peripheral blood mononuclear 
cells (PBMC) were isolated from heparinised blood of 
healthy adult donors by Ficoll-lsopaque (Pharmacia) 
density gradient centrifugation. The isolated PBMC 
were washed three times and resuspended in RPMI 
1 640 medium (Life Technologies, address) supplement- 
ed with 1% FCS. LPS from E. coli and Salmonella en~ 
teritidis strains were purchased from Sigma Chemical 
Co. (St Louis, MO). Murine anti-CD1 4 monoclonal anti- 



body MY4 (lgG2b) was purchased from Coulter (Instru- 
mentation Laboratory AG, Switzerland). The isotype- 
matched control mAb was mouse lgG2b (kappa), de- 
rived from MOPC 141 (Sigma). Human breast milk was 

5 obtained from healthy mothers. Samples were obtained 
up to 70 days postpartum by breast pump expression 
into sterile centrifugation tubes and processed within 2 
hours of collection. After centrifugation at 200 x g for 30 
min, the acellular lipid-free fraction was frozen at -80°C 

'0 until used. 

Isolation and purification of LTAs. 

[0059] LTAs of Lactobacillus johnsoni Lai NCC 533 

'5 and Lactobacillus acidophilus La 10 NCC 90 were iso- 
lated following the method of Fischer et al. (Fischer, W., 
et al. 1 983. Eur.JBiochem 133:523-530). Briefly, bacte- 
ria were cultured overnight in MRS-broth, harvested and 
resuspended in 0.1 M sodium acetate pH 4.5 at 800 mg 

20 wet wt/ml of buffer. They were then defatted by mixing 
with two volumes of methanol and one volume of chlo- 
roform overnight at room temperature. The defatted 
bacteria were recovered by filtration, washed with two 
volumes of methanol and resuspended in 0.1 M sodium 

25 acetate pH 4.7 at a concentration of 500 mg of bacteria 
per ml of buffer. This suspension was mixed with an 
equal volume of hot 80% w/v aqueous phenol and 
stirred constantly for 45 minutes in a water bath at 65 
°C. After cooling, the emulsion which had formed, was 

30 centrifuged at 5000 x g at 4°C for 30 minutes. The upper 
aqueous layerwas then extensively dialysed against 0.1 
M sodium acetate pH 5 (cut off 6-8 kDa). Nucleic acids 
were digested with 30 U/ml DNAse I (Sigma), 9 U/ml 
ribonuclease A (Sigma) in 5 mM MgS04, 40 mM EDTA 

35 disodium and 0.2 mM NaN3 (24 h at room temperature) 
with 1 ml of toluene added to prevent microbial contam- 
ination. The digest was dialysed once more against 0.1 
M sodium acetate pH 4.7, and adjusted to 15% with 
1 -propanol. It was applied to an Octyl-sepharose col- 

40 umn equilibrated in 0.1 M sodium acetate plus 15% 
1 -propanol, with a flow rate of 0.1 ml/minute. Fractions 
of 5 ml were collected. Elution of the LTA was done with 
a gradient of 1 5-80% 1 -propanol in the same buffer, with 
a flow rate of 0.5 ml/minute. Fractions of 3 ml were col- 

45 lected. Monitoring of 1 -propanol concentration was 
done by measuring the refraction index. Each fraction 
was analysed for its content of total neutral sugars 
(Dubois, M. A., et al. Colorimetric method for determina- 
tion of sugars and related substances. Anal Chem 28: 

50 350-356), phosphorus (Chen, P S. ,etal. 1956. Microde- 
termination of phosphorus. Anal Chem 28:1 756-1 758), 
nucleic acids and refraction index. The peaks were con- 
centrated with a rotavap to get rid of the propanol, then 
extensively dialysed against water. After concentration, 

55 0.1 M sodium acetate pH 4.7, 1 mM CaCI 2 and MgCI 2 
was added and aliquots frozen at -20°C. The antigenic 
activity of La1 LTA was verified by ELISA as described 
recently (Granato.D., et al. 1 999. Appl Environ Microbiol 
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65:1071-1077). Deacylation was done as described by 
Teti et al (TetLG., et at. 1987. Infect Immun 55: 
3057-3064). 

Limulus amoebocyte lysate assay. 

[0060] All reagents to which cells were exposed were 
tested for endotoxin contamination by a turbidimetric ki- 
netic Limulus amebocyte lysate clot assay (E-Toxate® 
assay). The test had a sensitivity of 0.05-0.1 endotoxin 
units (£. coll 0.55:B5 LPS) per ml. The different media 
used in this study were found to be inactive or to contain 
<50 pg/ml of endotoxin. 

Treatment of cells. 

[0061] HT29 cells were plated at 10 4 cells/well in 
96-well flat-bottom plates. After incubation for 5 days, 
HT29 cells were washed twice with serum-free media, 
before the addition of human milk, LPS and/or LTA in 
200 (il of DMEM. In some wells, anti-CD14 monoclonal 
antibodies at a final concentration of 20 u.g/ml were also 
added. In other experiments, PBMC were suspended in 
RPMI 1640 medium with 1% FCS and then plated at a 
concentration of 2 x 1 0 5 cells/well in 96-well flat-bottom 
plates. The cells were then incubated with LTA for 30 
min at 37°C and then stimulated with LPS. After 24 h 
incubation at 37°C, supernatants were collected and 
stored at -20°C for future measurement of cytokine con- 
tent. The cell viability was examined using a cytotoxicity 
detection kit (Roche Diagnostics), which measured the 
lactate dehydrogenase (LDH) activity released from the 
cytosol of damaged cells into the supernatant. 

Concentrations of IL-8 and TNF-a in culture 
supernatants. 

[0062] The amounts of IL-8 and generated in cell cul- 
ture supernatants were measured by ELISA. Briefly, 
monoclonal antibodies against IL-8 (2 u.g/ml. Immu- 
noKontakt, Bioggio, Switzerland) were coated onto 
96-well plates (Nunc) by overnight incubation at 4°C. 
Plates were then washed twice with 0.05% Tween-20 in 
PBS. Non-specific binding was blocked by incubating 
the plates with 10% FCS in PBS for a further 2 h at room 
temperature. Samples or standard concentrations of re- 
combinant cytokine (15.625 to 2000 pg/ml. Immu- 
noKontakt) in FCS-PBS were then added for 3 h at room 
temperature. Plates were then washed 4 times with 
PBS-Tween before addition of biotin-labeled anti-hu- 
man IL-8 monoclonal antibody (1 u.g/ml, ImmunoKon- 
takt) for a further hour at room temperature. After 4 
washes, streptavidin-peroxidase (0.5 u.g/ml. KPL, Bi- 
oreba, Reinach, Switzerland) was added for 1 hat room 
temperature. Plates were then washed again, and the 
substrate (TMB peroxydase. KPL) added for 1 0-30 min. 
The enzymatic reaction was stopped by the addition of 
IN HCI. Absorbance was read at 450 nm in an ELISA 



reader (Dynex Technologies). The detection limit was 
approximately 30 pg/ml. The amounts of TNF-a re- 
leased into cell culture supernatants were measured by 
a commercially-available ELISA kit (R&D systems). 

5 

Reverse transcription and polymerase chain 
reaction (RT-PCR) amplification of epithelial 
neutrophil activator (ENA)-78. 

io [0063] Total cellular RNA was extracted from HT29 
cells in tissue culture dishes using the Trizol method 
(GIBCO-BRL). RNA isolated from intestinal epithelial 
cells was reverse-transcribed with Moloney murine 
leukemia virus reverse transcriptase (Perkin-Elmer, ad- 

is dress). Briefly, RNA samples (0.5 u.g of total RNA), 0.5 
unit of RNase inhibitor, 1 mM of each dNTP, 0.5 nmol/ 
ml of specific 3' primer, 5 mM MgCI 2 and 1 .25 units of 
reverse transcriptase were incubated in a total volume 
of 1 0 ul of reaction mixture containing the enzyme buffer 

20 supplied by the manufacturer. The reaction mixture was 
incubated for 30 min at 42°C, and then heated for 5 min 
at 95°C. The reverse-transcribed products were then 
amplified with Gold DNA polymerase (Perkin Elmer) on 
a thermocycler (Biolabo, Scientific Instruments, Chatel 

25 st Denis, Switzerland). The PCR was performed in a 
total volume of 50 u.l using 10 p.l of the reverse-tran- 
scribed products in PCR buffer, 2 mM MgCI 2 , 5 u.M of 
each dNTP, 0.2 nmol/ml of both ENA-78-specific 3' an- 
tisense and 5' sense primers (CGTTCTCAGGGAG- 

30 GCTC and TCCTTCGAGCTCCTTGTG, respectively. 
Keates et al. 1 997 Am. J.Physiol 273 G75-G82) and 1 .25 
units of DNA polymerase. After an initial denaturation of 
1 0 min at 95°C, samples were amplified by 35 cycles of 
denaturation at 94°C for 45 sec, annealing at 60°C for 

35 1 min, and extension at 72°C of 1 min 30 sec, followed 
by a 7-min extension step at 72°C. All samples were 
subjected to RT-PCR for fl-actin as a positive control. 
Samples of RT-PCR products were loaded onto a 1 .2 
% agarose gels (containing ethidium bromide) in TAE 

40 buffer and separated by electophoresis at 150 V for 1 
hr. RT-PCR products were visualised under UV light. 
The correct size of the bands was determined by com- 
parison with DNA size markers (Boehringer Mannheim). 

45 Results 

LTA from Lactobacillus species Inhibit £. coll- or 
LPS-induced IL-8, TNF-g and ENA-78 releases by 
HT29 cells. 

50 

[0064] We examined whether Gram-positive bacteria 
or their derivatives could also stimulate the human in- 
testinal epithelial cells HT29 cells. Different Gram-pos- 
itive organisms were incubated with HT29 cells in the 
55 presence or absence of human milk as a source of 
sCD14. In contrastto E. coll, the Gram-positive bacteria 
L. sakei, L casei, L. acidophilus strain La10 and L 
johnhsonii strain La1 , as well as Staphylococcus aureus 
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and Staphylococcus epidermidus were unable to stim- 
ulate the release of IL-8 by HT29 cells even in the pres- 
ence of sCD14 (data not shown). Moreover, no IL-8 se- 
cretion was observed when LTA from La1 , La1 0 or from 
Staphylococcus aureus were added at concentrations 
of up to 100 fig/ml (data not shown). 
[0065] Since sCD 14 is known to recognise compo- 
nents of both Gram-negative and Gram-positive bacte- 
ria, we tested whether components of Gram-positive or- 
ganisms, such as LTA, could antagonise the effect of 
Gram-negative bacteria on HT29 cells. To this end, 
HT29 cells were challenged with LPS (10 and 100ng/ 
ml) in the presence or absence of human milk as the 
source of sCD14, and various amounts of LTA from ei- 
ther La1 (Fig. 1A) orLa10 (Fig. 1B). As expected, HT29 
cells exposed to 1 0 or 1 00 no/ml £ coli LPS in the pres- 
ence of sCD1 4 released significant amounts of IL-8 (Fig. 
1 , dotted lines). The addition of LTA from either La1 (Fig. 
IA, solid lines) or La10 (Fig. 1B, solid lines) caused a 
marked decrease in the LPS-induced IL-8 secretion. 
This inhibitory activity was dose-dependent with com- 
plete inhibition being observed using a 1 00 to 1 000-fold 
excess of LTA. To confirm that the inhibitory activity of 
LTA was a general phenomenon, the antagonistic activ- 
ity of LTA on the response of HT29 cells to another 
source of LPS was tested. As shown in Fig.2A, LTA from 
La1 inhibited IL-8 secretion by HT29 cells challenged 
with 1 0 or 1 00 ng/ml of LPS from Salmonella enteridis. 
Moreover, LTA from La1 antagonised the effect of whole 
£ co//-sCD14 on HT29 cells (Fig. 2B). 
[0066] As shown in Fig. 3, both LTA from La1 andfrom 
La10 also inhibited £ coli LPS-induced TNF-a release 
by HT29 cells. Furthermore, the LPS-induced expres- 
sion of ENA-78 mRNA encoding was. also markedly in- 
hibited by LTA from La1 (Fig. 4). Of note, the observed 
inhibitory activities of Lactobacillus LTAs were not due 
to a cytotoxic effect of the LTA preparations on the HT29 
cells, as no significant release of LDH could be detected 
in culture supernatants (data not shown). 

LTA from La1 and La 10 inhibit the LPS-induced IL- 
8 release by differentiated HT29 colls. 

[0067] As shown in Fig. 5, differentiated HT29 cells 
challenged with 1 0 ng/ml of £ coli LPS in the presence 
of human milk, released significant amounts of IL-8 (dot- 
ted line). As before, LTA from either La1 or La10 (solid 
lines) caused in a dose-dependent decrease of this se- 
cretion. Complete inhibition was observed at a 5000-fold 
excess of LTA. 

LTA from La1 inhibits LPS stimulation of human 
monocytes. 

[0068] A number of LTAs interact with membrane- 
bound CD 14 on blood monocytes and macrophages, 
and stimulate the secretion of various cytokines. We 
therefore analysed the secretion of li_-8 and TNF-a by 



PBMC exposed to Lactobacillus LTAs. PBMC were in- 
cubated in the presence of increasing amounts of Lacto- 
bacillus LTA (1 00 to 1 0000 ng/ml) for 30 min before the 
addition of £ coli LPS at a concentration of 1 ng/ml. As 

s shown in Fig. 6 , when given alone, La1 LTA stimulated 
IL-8 secretion at concentrations of 5 u,g/ml or higher 
(Fig. 6A), however, no stimulation of TNF-a release was 
seen at any of the concentrations tested (data not 
shown). Furthermore, while LTA from La1 had only a 

10 weak antagonistic effect on the LPS-induced secretion 
of IL-8 by PBMC (Fig. 6B), it inhibited more significantly 
the LPS-induced TNF-a secretion in a dose dependent 
manner (Fig. 6C). LTA from La10, alone or with LPS, 
had no significant effect on IL-8 or TNF-a production 

is (data not shown). 

The biological activity of deacylated LTA. 

[0069] Deacylation of LTA results in a loss of cellular 
20 biological activities. This implies that the lipid moiety of 
LTA is critical for immunomodulatory activity. We there- 
fore examined the effect of deacylation of LTAs on their 
antagonism of LPS in our cellular models. As shown in 
Fig. 7, the antagonistic activity of LTA from La1 (Fig. 7A) 
25 and from La10 (Fig. 7B) toward the LPS-sCD14 induc- 
tion of IL-8 by HT29 cells, was significantly weaker after 
deacylation. Thus, the antagonistic activity of Lactoba- 
cillus LTAs in our cellular system is also mediated by the 
lipid moiety. 

Role of SCD14-LTA interactions in the inhibition of 
LPS-sCDI 4 effects. 

[0070] In order to understand how LTA may exert its 

35 antagonistic effect on Gram-negative bacteria, different 
treatment procedures in which HT29 cells were prein- 
cubated with LTA from La1 and either human milk 
sCD14 or £ co//' LPS were performed. When HT29 cells 
were pre-incubated for 4 hours with La1 LTA (50 and 

40 100 ng/ml) with or without human milk, washed twice 
with a serum-free media and then challenged for 20 
hours with LPS (1 00 ng/ml) in the presence of milk, the 
secretion of IL-8 was not abrogated (Fig. 8A). However, 
when the cells were preincubated for 4 hours with La1 

45 LTA (1 to 50 ng/ml) in the presence of sCD1 4, and then, 
without washing, challenged for 24 hours with LPS (1 00 
ng/ml), the level of IL-8 production was similar to that 
obtained when HT29 cells were incubated for 24 hours 
with LTA, LPS and sCD14 together (Fig. 8B). Fig. 8C 

so shows the level of IL-8 production obtained 24 hours af- 
ter the addition of the source of sCD1 4 to cells preincu- 
bated for 4 hours with La1 LTA (1-50 ng/ml) and LPS 
(100 ng/ml). This level was similar to the amount ob- 
tained when HT29 cells were incubated for 24 hours with 

55 the mixture LTA, LPS and sCD14. Similar results were 
obtained when the cells were preincubated for 4 hours 
with LPS (100 ng/ml) and the source of CD14 before 
addition of LTA (Fig. 8D). 



17 



EP 1 260 227 A1 



18 



[0071] IEC do not express membrane CD 1 4 and re- 
quire the soluble form to respond to LPS in vitro (Pugin, 
J., et al. 1993 PNAS 90:2744-2748). We have previous- 
ly shown that Gram-negative bacteria and LPS mediate 
pro-inflammatory cytokine production in lECs through 
the action of a human milk sCD14 (L.abeta.M.O., et al. 
2000. J Exp Med 191 :1 807-1 81 2). However the lECs 
are unresponsive to various sources of LTA, in spite of 
the presence of sCD1 4. Since other studies suggest that 
binding of LTA to eukaryotic cell membranes requires 
fatty acid moieties and since fatty acid binding proteins 
are only expressed on differentiated lECs in the upper 
portion of the intestinal villus, we also examined LTA- 
milk effects on differentiated HT29. Interestingly, LTAs 
still failed to elicit any response, whereas LTAs from L 
johnsonii strain La1 and L. acidophilus strain Ia10 were 
able to stimulate IL-8 release from blood monocytes. 
[0072] These results lend further support to the pro- 
biotic status of the L. johnsonii strain La1 and L. acido- 
philus strain La10 and suggest a therapeutic role for 
their LTA in combatting diseases caused by Gram-neg- 
ative bacteria or their derivatives. 

Example 2: Infant formula 

[0073] To obtain an infant formula we prepare the fol- 
lowing mixture containing for 100 ml of formula: 0.5 to 
5%, preferably 2% of peptides, 0.2 to 10%, preferably 
4% of fat, 1 to 25%, preferably 8% of non-levan carbo- 
hydrates (including lactose 65%, maltodextrin 20%, 
starch 15 %), and at least 10 e cfu/ml of the following 
strains: Lactobacillus acidophilus NCC 90 (CNCM I- 
2332) or Lactobacillus johnsonii NCC 533 (CNCM I- 
1 225), in combination with traces of vitamins and oligoe- 
lements to meet daily requirements, and 0.01 to 2%, 
preferably 0.3 %, of minerals, and 50 to 90%, preferably 
75% of water. 

Example 3: Use in dairy products 

[0074] One or more strain of Lactobacillus acidophilus 
NCC 90 (CNCM I-2332) or Lactobacillus johnsonii NCC 
533 (CNCM 1-1 225), according to the present invention 
may be used for the manufacture of fermented yoghurt- 
like milk products. 

[0075] To do this, 11 of a milk product containing 2.8 
% of fats and supplemented with 2 % of skimmed milk 
powder and 6 % of sucrose is prepared, it is pasteurised 
at 96°C for 30 minutes and its temperature is then low- 
ered to 42°C. Precultures of a non-tnickening strain of 
Streptococcus thermophilus and of a non-viscous strain 
Lactobacillus bulgaricus are reactivated in a sterile MSK 
culture medium containing 10% of reconstituted milk 
powder and 0.1% of commercial yeast extract. 
[0076] Aprecultureof one or more of the strain is also 
reactivated in a medium containing 1 0% of reconstituted 
milk powder and 0.1% of commercial yeast extract with 
1% sucrose. The pasteurised milk product is then inoc- 



ulated with 1% of each of these reactivated precultures 
and this milk product is then allowed to ferment at 32°C 
until the pH reaches a value of 4.5. Fermented milks yo- 
ghurt-like products are produced in this way and stored 
5 at 4°C. 

Example 4: Dry pet food 

[0077] A feed mixture is made up of about 58% by 

io weight of corn, about 6% by weight of corn gluten, about 
23% by weight of chicken meal, salts, vitamins and min- 
erals making up the remainder. 
[0078] The feed mixture is fed into a preconditioner 
and moistened. The moistened feed is then fed into an 

'5 extruder-cooker and gelatinised. The gelatinised matrix 
leaving the extruder is forced through a die and extrud- 
ed. The extrudate is cut into pieces suitable for feeding 
to cats, dried at about 110°C for about 20 minutes, and 
cooled to form pellets. At this point, a lyophilized powder 

20 of one or more strains of the following Lactobacillus spe- 
cies is provided for application to the pellets: Lactoba- 
cillus johnsonii NCC533 (CNCM 1-1225) or Lactobacil- 
lus acidophilus NCC 90 (CNCM I-2332). Sufficient pow- 
der is thus provided so that the corresponding dietary 

25 intake amount for the pet is from about 1 .OE+07-1 .0E+9 
cfu / day. Some of the powder is mixed into a first mass 
of pellets and bagged. A second quantity of the powder 
is measured out and mixed with a lipid carrier which is 
then sprayed on to a second mass of pellets. The pellets 

30 are bagged after the coating has dried sufficiently at 
50-60°C for some minutes. 

[0079] This dry dog food is particularly intended for 
decreasing inflammatory process associated with bac- 
terial colonization. 



Claims 

1 . A composition for modulating the immune respons- 
*o es induced by Gram negative bacteria, potential 
pathogenic Gram positive bacteria and/or their de- 
rivatives, comprising lipoteichoic acid from lactic ac- 
id bacteria as an active ingredient. 

45 2. A composition according to claims 1 , which is par- 
ticularly intended for modulating immune respons- 
es involved during bacterial colonisation or infection 
and/or preventing or reducing inflammatory proc- 
esses induced thereby, in the gastrointestinal tract, 

50 bone, eye, lung, ear and oral cavity in humans or 
animals. 

3. A composition according to claim 1 or 2, wherein 
the lipoteichoic acid from lactic acid bacteria has 
55 been selected for its ability to bind to CD1 4 and for 
their inability to induce the release of proinflamma- 
tory cytokines such as IL-8 orTNF-alpha from in- 
testinal epithelial cells. 
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4. A composition according to any of claims 1 to 3, 
wherein the lipoteichoic acid is from lactic acid bac- 
teria belonging to the genus Lactobacillus, Bifido- 
bacterium or Steptococcocus, preferably from the 
group consisting of Lactobacillus acidophilus, 
Lactobacillus gasseri, Lactobacillus johnsonii, 
Lactobacillus helveticus, Lactobacillus casei, 
Lactobacillus plantarum, Bifidobacterium bifidum, 
Bifidobacterium longum, Bifidobacterium infantis, 
Bifidobacterium animalis, Streptococcus ther- 
mophilus. 

5. A composition according to one of claims 1 to 4, 
wherein the lactic acid bacteria is Lactobacillus 
johnsonii CNCM 1-1225, Lactobacillus acidophilus 
CNCM I-2332. 

6. A composition according to one of claims 1 to 5, 
which contains lactic acid bacteria producing said 
lipoteichoic acid or a supernatant of its culture. 

7. A composition according to any of claims 1 to 6, 
wherein the lipoteichoic acid is present in an 
amount which corresponds to an amount of bacteria 
varying from 10 5 cfu/g to about 10 11 cfu/g in a food 
composition to about 10 5 cfu/g to 10 16 cfu/g in a 
pharmaceutical preparation. 

8. A composition according to any of claims 1 to 7, 
which is in the form of a medicament, an oral ortop- 
ical product for cosmetic, dermatological or ophtal- 
mological applications, a food or pet food composi- 
tion. 

9. A lipoteichoic acid from lactic acid bacteria that is 
able to bind to CD14 and unable to induce the re- 
lease of proinflammatory cytokines such as IL-8 or 
TNF-alpha from intestinal epithelial cells. 

10. A lipoteichoic acid according to claim 9, which con- 
tains its lipid moiety. 

1 1 . A lipoteichoic acid according to claim 9 or 1 0, from 
lactic acid bacteria belonging to the genus Lactoba- 
cillus, Bifidobacterium or Steptococcocus. 

12. A lipoteichoic acid according to one of claims 9 to 

11 , wherein the lactic acid bacteria is selected from 
the group consisting of Lactobacillus acidophilus, 
Lactobacillus gasseri, Lactobacillus johnsonii, 
Lactobacillus helveticus, Lactobacillus casei, 
Lactobacillus plantarum, Bifidobacterium bifidum, 
Bifidobacterium longum, Bifidobacterium infantis, 
Bifidobacterium animalis or Streptococcus ther- 
mophilus. 

13. A lipoteichoic acid according to one of claims 9 to 

12, wherein the lactic acid bacteria is Lactobacillus 



johnsonii CNCM 1-1225 or Lactobacillus acido- 
philus CNCM I-2332. 

14. Use of at least one lipoteichoic acid from lactic acid 
5 bacteria and/or lactic acid bacteria producing it and/ 

or its supernatant of culture, for the preparation of 
a composition intended for modulating the immune 
responses induced by Gram negative bacteria, po- 
tential pathogenic Gram positive bacteria and/or 
»o their derivatives in a human or an animal. 

1 5. Use of a lipoteichoic acid according to one of claims 
9 to 13. 

'5 16. Use according to claim 14 or 15, for reducing or pre- 
venting inflammatory processes associated with 
bacterially-mediated disease or LTA/ LPS-mediated 
disorders in the gastrointestinal tract, bone, skin, 
eye, ear, lung and oral cavity in humans or animals. 

20 

17. Use according to any of claims 14 to 16, in food 
compositions or enteral feeds, for infant nutrition, 
pet nutrition and animal feeds, for clinical nutrition 
or for pharmaceutical applications. 

25 

1 8. Use according to any of claims 1 4 to 1 7, in cosmetic 
or dermatological applications in the form of topical 
or oral preparations, ophthalmic applications, or 
oral applications. 

30 

19. A method of modulating the immune responses in- 
duced by Gram negative bacteria, potential patho- 
genic Gram positive bacteria and/or their deriva- 
tives in a human or an animal, which comprises ad- 

35 ministering the human or animal, an effective 
amount of a lipoteichoic acid from lactic acid bacte- 
ria and/or lactic acid bacteria producing it and/or its 
supernatant of culture, or composition comprising a 
lipoteichoic acid from lactic acid bacteria as the ac- 

40 tive ingredient and/or lactic acid bacteria producing 
it and/or its supernatant of culture,. 

20. A method for reducing or preventing inflammatory 
processes associated with bacterially-mediated 

45 disease or LTA/ LPS-mediated disorders in the gas- 
trointestinal tract, bone, skin, eye, ear, lung and oral 
cavity in humans or animals, which comprises ad- 
ministering the human or animal, an effective 
amount of a lipoteichoic acid from lactic acid bacte- 

50 ria and/or lactic acid bacteria producing it and/or its 
supernatant of culture, or composition comprising a 
lipoteichoic acid from lactic acid bacteria as the ac- 
tive ingredient and/or lactic acid bacteria producing 
it and/or its supernatant of culture,. 

55 

21 . A method according to claim 1 9 or 20, in which the 
composition is according to claim 1 to 8. 
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22. A method of modulating an immune response in- 
duced in a pet animal by Gram negative bacteria, 
potential pathogenic Gram positive bacteria and/or 
their derivatives, the method including administer- 
ing a pet animal a composition containing a moiety 5 
of a probiotic bacterial strain capable of modulating 
such response. 

23. Amethod according to claim 22, which includes ad- 
ministering a pet animal a composition containing a io 
probiotic micro-organism , its supernatant of culture 

or a metabolite thereof, the said probiotic etc being 
capable of at least transiently adhering to the intes- 
tinal epithelium of the pet animal. 

15 

24. A method according to claim 22 or 23, which in- 
cludes administering the composition as a compo- 
nent of a nutritionally balanced meal. In a preferred 
embodiment, the component is included in a wet or 

dry pet food formulation. 20 

25. A pet food formulation comprising a nutritionally bal- 
anced meal and an active ingredient selected for its 
capacity to modulate an immune response induced 

in a pet animal by a Gram negative bacterial strain, 25 
potential pathogenic Gram positive bacterial strain 
and /or a derivative thereof. 
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FIGURE 3 
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